Bilateral and unilateral approaches are the main methods for balloon kyphoplasty. However, controversy exists about which leads to superior outcomes. The goal of this study was to compare the clinical effects and safety of unilateral vs bilateral balloon kyphoplasty for osteoporotic vertebral compression fractures. Five databases (PubMed, Cochrane Library, EMBASE, Web of Science, and Chinese Biomedical Database) were searched without language, publication, or date restrictions. Randomized controlled trials involving a total of 876 patients and comparing the efficacy of unilateral vs bilateral balloon kyphoplasty for osteoporotic vertebral compression fractures were identified. Meta-analysis revealed no significant differences in visual analog scale pain score up to 2-year follow-up (mean difference at 1 week, 0. 
O steoporosis has been widely recognized as a chronic progressive disease of multifactorial etiology, characterized by low bone mass with an increased risk of fracture. 1 In the United States, it was estimated that the annual cost of fractures related to osteoporosis in 2005 was $16.9 billion, with the expectation that this figure would rise to $25.3 billion by 2025. 2 Vertebral compression fractures in osteoporosis are common in the elderly population. 3 Osteoporotic vertebral compression fractures often cause spinal misalignment, particularly kyphosis, and backache is a significant complaint for patients with osteoporotic vertebral compression fractures.
The primary treatment for osteoporotic vertebral compression fractures consists of conservative measures, including bed rest, analgesia, and cast and physical support after symptomatic relief. However, some fractures go on to progressive deformity and debilitating pain. Various surgical techniques of vertebral body augmentation have been developed to treat these refractory cases. During the past few decades, vertebroplasty has been considered the optimal method for osteoporotic vertebral compression fractures, but it cannot restore the decreased height of the vertebral body. 4 Balloon kyphoplasty is a technique for osteoporotic vertebral compression fractures that uses a balloon tamp inserted into the vertebral body by a transpedicular approach, followed by fixation of the fracture fragments with polymethylmethacrylate (PMMA) bone cement. [5] [6] [7] Randomized trials have reported that balloon kyphoplasty provides significant pain relief and improved function. 8, 9 Currently, the standard technique for the kyphoplasty procedure involves a bipedicular approach using 2 balloon tamps. 10 Recently, unilateral kyphoplasty for vertebral compression fractures was reported to have outcomes comparable with those of the bilateral approach. 4, [11] [12] [13] Chung et al 12 compared the clinical results of the 2 techniques in patients with osteoporotic vertebral compression fractures and found that the bilateral approach had a greater advantage in the reduction of kyphosis and the loss of reduction was less than the unilateral approach. However, in a long-term prospective study with a minimum 2-year follow-up, Chen et al 13 reported that both unilateral and bilateral balloon kyphoplasty provided rapid, marked, and sustained improvements in pain, function, and quality of life. Controversy exists about which of the 2 procedures leads to superior results. Recently, 2 meta-analyses compared the clinical outcomes of unilateral vs bilateral kyphoplasty for osteoporotic vertebral compression fractures and reported no clinically significant differences between the 2 approaches.
14,15 However, only 4 randomized controlled trials were identified in their analysis, and only the English-language literature was searched; thus, the power to compare the unilateral and bilateral approaches was small.
New randomized controlled trials have been published. 16, 17 Therefore, the current authors conducted an metaanalysis of all available studies evaluating the clinical outcomes of unilateral vs bipedicular balloon kyphoplasty for the treatment of osteoporotic vertebral compression fractures.
Materials and Methods
This meta-analysis was performed in accordance with the Preferred Reporting Items for Systematic Reviews and MetaAnalyses (PRISMA) 18 reporting guidelines for the conduct of meta-analyses of intervention trials.
Search Strategy and Study Selection
The authors conducted a comprehensive literature search of PubMed, the Cochrane Library, EMBASE, Web of Science, and the Chinese Biomedical Database for randomized controlled trials published up to April 2013. Search terms included unilateral, unipedicular, bilateral, bipedicular, and kyphoplasty without language restrictions. A manual examination of references in selected articles and related reviews about this topic was also performed by 2 authors (H.C., P.T.) independently to identify potential eligible studies. If there was disagreement regarding eligibility, a third investigator (Y.W.) resolved it.
The authors only identified randomized controlled trials comparing unilateral and bilateral balloon kyphoplasty for the treatment of osteoporotic vertebral compression fractures. The primary outcome measures were visual analog scale (VAS) pain score, Oswestry Disability Index (ODI), vertebral height, and kyphotic angle. Secondary outcomes included operative time, amount of cement injected, and incidence of cement leakage. Studies reporting at least one outcome were included.
Data including patient characteristics (eg, age and sex), intervention, outcomes, and follow-up were collected independently by 2 authors (Y.Z., Y.G.). Disagreements between the authors regarding data extraction were resolved by discussion.
The quality of included studies was assessed independently by 2 authors (H.C., P.T.) according to the Cochrane Handbook 5.1. 19 Items assessed were generation sequence, allocation concealment, blinding, incomplete outcome data, selective outcome reporting, and other potential threats to validity. Discrepancies were discussed with a third author (Y.W.). The Grading of Recommendations Assessment, Development, and Evaluation (GRADE) 20 criteria were used to evaluate the quality of evidence according to outcome.
Statistical Analysis
All statistical analyses were performed using Review Manager version 5.2 software (The Cochrane Collaboration, Copenhagen, Denmark). If there were continuous outcomes such as VAS or ODI score, the mean difference was recommended to assess the treatment with 95% confidence intervals (CIs). For dichotomous outcomes such as the incidence of cement leakage, results were expressed as odds ratios (ORs). Heterogeneity of the mean difference was assessed using I 2 statistics. If heterogeneity was present or the degree of heterogeneity (I 2 ) was greater than 50%, results of the random-effects model were noted. Otherwise, a fixedeffects model was applied.
results

Search Results
A total of 133 studies were identified via electronic searches (Figure) . After the initial screening of abstracts and titles, 29 studies remained for full text review. After full text review, 15 studies were excluded, leaving 14 studies 12, 13, 16, 17, [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] for final inclusion. The included studies were published between 2008 and 2013, and the number of participants in each study ranged from 30 to 127. A total of 876 patients (mean age, 69.9 years) were enrolled in the included studies and were followed for a mean of 17.5 months. The characteristics of the 14 included studies are summarized in Table 1 .
Quality Assessment
Of the 14 studies, all were well randomized, but only 4 reported adequate generation of allocation sequence. Most of the included studies were unclear about the method of allocation concealment. All of the studies were described as being randomized. On the basis of quality assessment, 4 were deemed to be at moderate risk of bias, and the rest were deemed high risk ( Table 2) .
Visual Analog Scale Pain Scores
Data on VAS pain scores were available from 11 studies 13, 16, 17, [21] [22] [23] [24] 26, [28] [29] [30] with a total of 629 patients. Pooled analysis revealed that the unilateral approach had no advantage over the bipedicular approach in pain relief at postoperative week 1, year 1, and year 2 (mean difference at 1 week, 0. . Heterogeneity was present in both analyses (I 2 at 1 week=72%; I 2 at 1 year=91%). The authors independently removed each study from the analysis to explore the effect on the heterogeneity. Heterogeneity was reduced to 0% in the 1-year analysis by removing 1 study. 27 The difference in ODI pain scores was still not significant between the 2 groups (mean difference, 1.50 [95% CI, -4.32 to 1.32]).
Vertebral Height
Data on vertebral height were available from 9 studies 13 
Kyphotic Angle
Data on kyphotic angle were available from 10 studies 13, 16, 17, [22] [23] [24] [25] 28, 30 with a total of 631 patients. Pooled analysis demonstrated that the unilateral approach had no advantage over the bipedicular approach when it came to kyphotic angle at last follow-up (mean difference, -0.02 [95% CI, -0.65 to 0.61]). Heterogeneity was not 
Quality of Evidence
A funnel plot of VAS pain score, kyphotic angle, operative time, and amount of cement injected in the included studies revealed asymmetry, raising the possibility of publication bias. According to the assessment of quality of evidence by GRADE method, the evidence for VAS pain score, kyphotic angle, amount of cement injected, and cement leakage was of low quality, and the evidence for ODI pain score and operative time was of very low quality. The quality of evidence was downgraded for the included studies because most of studies did not report the method of randomization and allocation concealment ( Table 3 ).
discussion
The current analysis provides evidence that there are no significant differences in VAS or ODI pain scores, vertebral height, or kyphotic angle between unilateral and bilateral balloon kyphoplasty, whereas the unilateral approach results in less operative time, less cement injected, and a lower risk of cement leakage than does the bilateral approach.
Osteoporotic vertebral compression fractures are associated with substantial morbidity, causing back pain, kyphosis, loss of height, and impaired quality of life. 31 Increased mortality is also associated with vertebral fractures due to coexisting conditions associated with osteoporosis. 32 Osteoporotic vertebral compression fractures can lead to severe vertebral deformity or hyperkyphosis. These fractures are associated with a 16% reduction in an expected 5-year survival. 33 Conservative nonoperative management is the main treatment of painful vertebral compression fractures, but it cannot prevent kyphotic deformity or permit the restoration of spinal alignment. Due to poor bone quality and the presence of comorbidities in older osteoporotic patients, minimally invasive approaches such as vertebroplasty and balloon kyphoplasty are advocated. Compared with vertebroplasty, kyphoplasty has the potential advantage of reestablishing vertebral height and thereby restoring stability to the spine. 34 The bipedicular approach is the standard approach in balloon kyphoplasty. Both pedicles are cannulated and 2 balloons are placed into the vertebral body. Recently, an alternative unipedicular approach was introduced and offered a shorter operative time, a reduced risk of pedicle cannulation, less radiation exposure, and a lower cost. 12 reported that unipedicular kyphoplasty is comparable with bipedicular kyphoplasty in the restoration of vertebral body strength, stiffness, and height, and there was no greater risk for lateral wedging in the unipedicular group compared with the bipedicular group. In addition to the overall restoration of strength and stiffness, Chen et al 36 compared the effects of cement distribution on the biomechanical balance of the vertebrae between unipedicular and bipedicular balloon kyphoplasty. Their results demonstrated that bipedicular balloon kyphoplasty created stiffness uniformly across both sides of the vertebrae, whereas the effect of biomechanical balance with the unipedicular approach was determined by the distribution of cement. Only when cement augmentation crossed the midline instead of 4, 12, 13, 16, 27 In a retrospective study of 45 patients, Song et al 4 reported that the unilateral approach resulted in better pain relief at 3 days postoperatively than did the bilateral approach. In prospective studies, both Chung et al 12 and Chen et al 13 reported that unilateral and bipedicular kyphoplasty achieved significant and comparable pain relief at 2 weeks and 2 years postoperatively. The current authors' findings were similar to these prospective studies, showing no significant differences in VAS or ODI pain scores at 1-week, 1-year, and 2-year follow-up.
Restoration of vertebral height and reduction of kyphotic angle were also important outcome measures in this study. No differences were found in vertebral height and kyphotic angle between the 2 groups, which confirmed the results of previous cadaveric studies 11, 36, 37 and prospective clinical studies. 12, 16 However, some authors reported that restoration of vertebral height was greater in the bipedicular group than in the unipedicular group. 13, 27, 29 Postoperative vertebral height was influenced by many factors in the current analysis, including the amount of cement used and the formation of an adequate cavity with the balloon tamp. Operative time was significantly reduced in the unipedicular kyphoplasty group, as was the total amount of cement used. Cement leakage is the most serious potential complication and the main source of pulmonary and neurological complications. 38 The current analysis revealed that the unilateral group had a lower risk of cement leakage than did the bilateral group, which may be a result of less cement being injected and fewer punctures being necessary in the unilateral group compared with the bilateral group.
The cost-effectiveness of unilateral vs bilateral kyphoplasty should be carefully considered. It has been previously estimated that the cost savings of the unipedicular approach were $886 for 1-level and $1901 for 2-level procedures. The total savings would be more than $32 million per year if 5% of all vertebral compression fractures in the United States were treated with the unipedicular approach instead of the bipedicular approach. 11 The current study is the most comprehensive analysis to evaluate the safety and efficacy of unilateral vs bilateral balloon kyphoplasty in the treatment of osteoporotic vertebral compression fractures. Strengths of the study are the inclusion and synthesis of all available randomized controlled trials and the evaluation of the quality of evidence using the GRADE system. It also followed the PRISMA guidelines, which guide the reporting format of meta-analyses.
This study has some limitations. First, similar to many meta-analyses, it is limited by the methodological quality The authors found evidence to support the use of the unilateral approach in the treatment of osteoporotic vertebral compression fractures. Based on the current clinical outcomes and cost-effectiveness of unilateral vs bilateral kyphoplasty, surgeons and patients should consider the unilateral approach as a viable treatment option.
Further multicenter randomized controlled trials with larger sample sizes and from non-Asian countries are required. Regarding the assessment of methodological quality of each trial, further validated tools that could assess the actual performance or biases of each trial should be developed. Studies reporting the incidence of complications such as new fractures and pulmonary cement embolism are also needed.
conclusion
The current study suggests that unilateral kyphoplasty results in pain relief and vertebral height and kyphotic angle restoration comparable with that of bilateral kyphoplasty. In addition, the unilateral approach required less cement to be injected and had a lower risk of cement leakage than did bilateral kyphoplasty.
Based on this evidence, the unilateral approach should be considered as an option for the treatment of osteoporotic vertebral compression fractures.
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